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FLEXIBLE SERVO CONTROL METHOD 

TECHNICAL FIELD 

The present invention relates to control of a servomotor 
for driving a robot arm and the like, and more particularly, 
to a servo control method including position and speed 
control loops and which is adapted for position control. 

BACKGROUND ART 

For control of a robot arm and the like, a servomotor for 
driving the arm includes position and speed control loops. 
The position of a driven body, such as the arm, is controlled 
by controlling the position of the servomotor. FIG. 2 is a 
block diagram of a servo control system for controlling one 
such driven body. 

In FIG. 2, reference numeral 1 designates a position gain 
Kp in the position loop. Reference numerals 2 and 3 
designate terms of a transfer function of the speed loop; 2, 
a term of an integrator; and K1, an integral gain. Reference 
numeral 3 designates a proportional term, and K2 a propor 
tional gain. Reference numeral 4 designates a term of a 
transfer function of the motor; Kt, a torque constant; J, an 
inertia; value and A, a viscous friction term. Moreover, 
reference numeral 5 designates a transfer function by which 
a motor speed v is integrated to obtain a motor position y. 
Symbol s represents a Laplace operator. 
A position deviation value ep is obtained from a move 

corrunand r and the motor position y. A speed command vc 
is obtained by multiplying the position deviation ep by the 
position gain Kp. A speed deviation ev is obtained from the 
speed command vc and the motor speed v. A torque com 
mand Tc is obtained by adding up the product of the integral 
gain K1 and a value obtained by integrating the speed 
deviation ev by way of the integrator 2 and the product of the 
speed deviation ev and the proportional gain K2. The motor 
4 is driven according to this torque command Tc. 
The control system for the driven body such as a robot 

arm, which is driven by ways of theservomotor and whose 
position is controlled, is generally controlled by way of a 
control system such as the one described above. Although PI 
control is used for the control of the speed loop in the 
aforesaid case of FIG. 2, IP control may be used instead, in 
some cases. 

If the servomotor is controlled by the aforementioned 
control system, a driven body such as the robot arm moving 
toward a position assigned by a position command cannot 
keep away from an obstacle, if any, in the way, and continues 
to move toward a target position. If the accuracy of a 
workpiece is so low that there is some deviation between the 
command position and the position of the workpiece, while 
the robot is carrying out an operation to attach the workpiece 
to a machine tool by its hand, for example, the workpiece 
cannot be attached to the machine tool. In this case, more 
over, it is di?icult to move the robot arm manually, thereby 
moving the workpiece to a mounting position in the machine 
tool. 

The reason is that the servomotor cannot move to the 
target position due to the presence of the obstacle though it 
is urged to move toward that position. Accordingly, the 
position deviation increases, so that the speed command Vc 
obtained by multiplying this position deviation by the posi 
tion gain Kp also increases. Since the difference between the 
speed command Vc and the motor speed (this speed is “0” 
when engaged with the obstacle) is integrated by the inte 
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2 
grator Z of the speed loop, the integral value in this 
integrator 2 gradually increases, so that the torque command 
Tc takes a large value. Thus, the servomotor outputs a 
maximum torque such that it reaches the target position. 
Accordingly, a human power I cannot easily move the arm 
or the like to the intended position without being caught by 
the obstacle. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide a servo control method in which an obstacle, if any, 
in the path of transfer of a driven body which is driven in 
response to a given position command can be dodged 
manually. 

In order to achieve the above object, according to one 
aspect of the present invention, there is provided a ?exible 
servo control method fop a servomotor controlled in a 
control system which is provided with a position control 
loop and a speed control loop, in which a position gain and 
a proportional gain of the speed control loop are lowered to 
previously set values, individually, when a ?exible control 
command is inputted, and the servomotor is driven with the 
output of an integrator of the speed control loop clamped to 
a set value, so that a driven body driven by way of the 
servomotor can be moved manually. 

Preferably, the value in the integrator of the speed control 
loop immediately before the entry of the ?exible control 
command is stored in a register in advance. The position 
gain and the proportional gain of the speed control loop are 
the restored to original gains to release the integrator of the 
speed control loop from clamping when the ?exible control 
command is canceled. The value stored in the register is then 
set in the integrator, and position control loop and speed 
control loop processing are executed to drive the servomo 
tor. 

According to another aspect of the present invention, 
moreover, there is provided a ?exible servo control method 
for a servomotor controlled in a control system which is 
provided with a position control loop and a speed control 
loop, in which a position gain and a proportional gain of the 
speed control 1001) are lowered to previously set values, 
individually, when a ?exible control command is inputted, 
the value in an integrator of the speed control loop is stored 
in a register, the integrator is cleared, and the output of the 
integrator is clamped to a set value as position control loop 
and speed control loop processing are executed in accor— 
dance with the lowered position and proportional gains, and 
the servomotor is driven in a manner such that a value 
obtained by adding the value stored in the register to an 
obtained torque command is used as a torque command, so 
that a driven body driven by way of the servomotor can be 
moved manually. 

Preferably, the position gain and the proportional gain of 
the speed control loop are restored to original gains to 
release the integrator of the speed control loop from clamp 
ing when the ?exible control command is canceled, and the 
position control loop and speed control loop processing are 
executed to drive the servomotor in a manner such that a 
value stored in the register is set in the integrator. 

Further preferably, the set value to which the output of the 
integrator is clamped is a value substantially equivalent to 
the frictional resistance. 

According to the present invention, as described above, 
the position gain and the proportional gain of the speed 
control loop are lowered in accordance with the degree of 
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?exibility, and the output of the integrator of the speed 
control loop is limited to the set clamp value. Thus, even if 
a position deviation increases, the torque command never 
increases in particular, so that the driven body driven by way 
of the servomotor can be moved by human power. In case 
there is an obstacle in the path of transfer of the driven body 
which is driven by this servomotor, therefore, the obstacle 
can be dodged manually. When the method is applied to a 
robot, in particular, a robot hand can be manually located in 
a position different from an instruction program by human 
compulsion. 

BRHEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a servo control system 
according to the present invention; 

FIG. 2 is a block diagram of a prior art servo control 
system; 

FIG. 3 is a block diagram of a robot control system 
according to one embodiment for carrying out a control 
method according to the present invention; and 

FIG. 4 is a ?ow chart showing position-speed loop 
processing according to the same embodiment. 

BEST MODE OF CARRYING OUT THE 
INVENTION 

FIG. 1 is a block diagram of a servo control system for 
carrying out a ?exible servo control method according to the 
present invention. This system diifers from the prior art 
servo system shown in FIG. 2 in that the position gain Kp 
of the position control loop and the proportional gain K2 of 
the speed control loop are modi?ed into gains which are set 
in accordance with a degree of ?exibility, i.e. of ?exible 
control, and that the output of the integrator 2 of the speed 
control loop is limited to a set clamp value. 

Since the position gain takes a value smaller than a 
conventional position gain depending on the degree of 
?exibility, the speed command obtained by multiplying the 
position deviation by this gain Kp is also smaller than in the 
case of the conventional control. Accordingly, the speed 
deviation or the dilference between this speed command and 
the motor speed are also smaller than in the conventional 
case. Since the proportional gain K2 of the speed control 
loop is also modi?ed into a value smaller than in the 
conventional case, an output value from the proportional 
term 3 is also smaller than a conventional value. Since the 
output of the integrator 2 of the speed control loop is limited 
to the clamp value, the torque command Tc never takes a 
large value, so that even the human power I can move the 
driven body which is driven by the servomotor. 

FIG. 3 is a block diagram of a robot control system for 
carrying out one embodiment of the present invention. 

In FIG. 3, reference numeral 10 denotes a host computer 
for controlling a robot, and 11 denotes a shared memory 
(RIM) which is used to deliver move commands and control 
commands outputted from the host computer to a processor 
of a digital servo circuit, which will be mentioned later, and 
on the other hand, deliver various signals from the processor 
of the digital servo circuit to the host computer. Reference 
numeral 12 denotes the digital servo (software servo) circuit 
for executing the aforesaid servo control, which is composed 
of the processor and memories such as a ROM, RAM, etc. 
Reference numeral 13 denotes a feedback register which is 
loaded with position feedback values, speed feedback val 
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4 
ues, current feedback values, etc. of individual servomotors 
for a robot 14. 

Referring to the ?ow chart of FIG. 4, processes of servo 
control including the ?exible control of the present inven 
tion, which are executed by the processor of the digital servo 
circuit 12 in this robot control system, will be described. 

A ?exible control command and a cancel command may 
be manually inputted by an operator, or a program region for 
the ?exible control may be assigned beforehand by way of 
a program. The values of the position gain Kp, integral gain 
K1 of the speed control loop, and proportional gain K2, 
which are used in the conventional servo control, are set as 
Kpn, Kln and K2n, respectively. Moreover, the values of the 
position gain Kp and the proportional gain K2, which decide 
the ?exibility of the ?exible control, are set in terms of the 
ratio (%) to their conventional values, the position gain and 
the proportional gain being given as Bp% and B2%, respec 
tively. Also, the clamp value CL to which the output of the 
integrator 2 is limited is previously set as a value which is 
substantially equivalent to the frictional resistance. 
When the operation of the robot is started, the processor 

of the digital servo circuit-12 executes the processes shown 
in FIG. 4 at every position-speed loop processing period. 
First, the processor determines whether or not a ?ag Fs in the 
shared memory 11 is set to “l” in response to a ?exible 
control command from the host computer 10 (Step S1). If 
the ?ag Fs is not set to then it is determined whether or 
not a ?ag Fss, which is indicative of a ?exible control state, 
is set to “1” (Step S19). If this ?ag Fss is not set either so 
that the servo control state is normal, conventional position 
speed loop processing is executed. 
More speci?cally, the position deviation sp is obtained by 

integrating values which are obtained by subtracting the 
position feedback values written in the feedback signal 
register 13 from the move command r which is obtained 
from the move command delivered from the host computer 
10 through the shared memory 11 (Step S7). The speed 
command Vc is obtained by multiplying the position devia 
tion ep by the currently set position gain Kp (that is, Kpn set 
as a value for the conventional servo control) (Step S8). 

' Then, the speed deviation ev is obtained by subtracting the 
speed feedback value written in the feedback signal register 
13 from the speed command Vc (Step S9), and integration 
processing is executed by adding the product of the speed 
deviation ev and the set integral gain K1 (=K1n) to the value 
in the accumulator AC (Step S10). Subsequently, it is 
determined whether or not the ?ag Fss, which is indicative 
of the ?exible control state, is set to “1” (Step S11). Since 
the ?ag Fss is not set to “1” in this case, the program 
proceeds to Step S23, whereupon the torque command Tc is 
obtained by adding the product of the speed deviation ev and 
the proportional gain K2 (:K2n) to the value in the aforesaid 
accumulator (output of the integrator), and this torque com 
mand To is delivered to the current loop (Step S24). There 
upon, the position-speed loop processing for the period 
concerned terminates. Thereafter, the processing of Steps 
S1, S19, S7 to S11, S23 and S24 are repeatedly executed at 
every position-speed loop processing period unless the ?ex 
ible control command is inputted. 
On the other hand, when the region for executing the 

?exible control is reached; for example, when the robot hand 
reaches a workpiece mounting position, in the case where 
the workpiece is to be attached to the machine tool with the 
robot hand, the ?exible control command 10 is outputted 
from the host computer 10 and the ?ag Fs of the shared 
memory 11 is set to “l”. The processor of the digital servo 
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circuit 12 then detects in Step S1 that the ?ag Fs is set to “l”, 
and proceeds to Step S2, whereupon it determines whether 
or not the ?ag Fss, which is stored with the ?exible control 
state, is set to “1”. Since the ?ag Fss is not set to “l” at an 
initial stage, the processor proceeds to Step S3, whereupon 
it sets the ?ag Fss to “1”, then loads the value (integral 
value) of the accumulator AC into a register, and then clears 
the accumulator AC to “0”. Also, a value obtained by 
multiplying the set position gain Kpn for the conventional 
servo control by the set degree of ?exibility (Bp/ 100) is 
stored as the position gain Kp. Likewise, a value obtained by 
multiplying the proportional gain K2n for the conventional 
servo control by the degree of ?exibility (B2/100) for the 
proportional gain is stored as the position gain K2 (Steps S5 
and S6). 
As mentioned before, moreover, the position deviation ep 

is obtained (Step S7), the speed command Vc is obtained by 
multiplying the position deviation ep by the position gain Kp 
of which value has been lowered in Step S6, the speed 
deviation ev is obtained from the speed command Vc and the 
speed feedback value v, and a value obtained by multiplying 
the speed deviation ev by the integral gain K1 is added to the 
value in the accumulator (Steps S8, S9 and S10). Then, it is 
determined whether or not the ?ag Fss for storing the 
?exible control state is set to “1” (Step S11). Since the ?ag 
Fss is set to “l” for the ?exible control state in Step S3, in 
this case, the program proceeds to Step S12, whereupon it is 
determined whether or not the set clamp value C L (C L>0) is 
exceeded by the absolute value of the value in the accumu 
lator AC or the absolute value of the value in the integrator. 
In the case where the set clamp value is exceeded, the value 
in the accumulator AC is set to the clamp value CL if it is 
positive, and at —CL if negative (Steps S12 to S15), where 
upon the program proceeds to Step S16. 

If the set clamp value CL is not exceeded by the absolute 
value of the value in the accumulator AC, the program 
proceeds directly to Step S16. In Step S16, the torque 
command Tc is obtained by adding the product of the speed 
deviation ev obtained in Step S9 and the proportional gain 
K2 of which value has been lowered in Step S6 to the value 
in the accumulator AC. A correction torque command Tc‘ is 
obtained by adding the value (torque value corresponding to 
the gravity disturbance and just large enough for the robot to 
maintain its posture) in the accumulator AC immediately 
before the start of the ?exible control, which is stored in the 
register R in Step S4, to the obtained torque command To 
(Step S17). This correction torque command Tc‘ is then 
delivered to the current loop (Step S18), whereupon the 
processing for the present position-speed loop processing 
period terminates. 

In the processing for the subsequent periods, unless a 
?exible control cancel command is delivered from the host 
computer 10 and the ?ag Fs is reset to “O”, the processes of 
Steps S1, S2 and S7 to S18 are executed, since the ?ag Fss 
is set to “1”. More speci?cally, the position gain Kp is 
lowered to Kpn><(Bp/ 100), the proportional gain K2 of the 
speed control loop is also lowered to K2n><(B2/ 100), and the 
integral value in the integrator in a speed control loop 
process is also limited to the set clamp value CL or ——C,_, 
whereupon the position-speed loop processing is executed. 
As a result, the output torque of the servomotor takes a small 
value, so that the operator can manually move the servo 
motor-controlled robot arm to a desired position in this 
?exible control state. If the accuracy of the workpiece is so 
low that the mounting position and the position of the 
workpiece transported by way of the robot arm are not 
coincident, in attaching the workpiece to a machine tool, as 
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6 
mentioned before, the robot arm can be manually moved to 
position the workpiece at the mounting position. 

Thus, when the ?exible control is ?nished, and the 
?exible control cancel command is delivered from the host 
computer 10, and then the ?ag Fs is reset to “0” the 
processor of the digital servo circuit 12 proceeds from Step 
S1 to Step S19. Further, since the ?ag Fss is set to “1”, the 
processor proceeds to Step S20, whereupon the ?ag Fss is 
reset to “0”, the value stored in the register R is set in the 
accumulator (Step S22), the position gain Kp and the 
proportional gain K2 of the speed control loop are restored 
to the normal gains Kpn and K2n, respectively (Step S22), 
and the conventional position-speed loop processing of 
Steps S7 to S11, S23 and S24 is executed. 

In and after the next position-speed loop processing 
period, moreover, both the ?ags PS and Fss are set to “1”, so 
that the conventional position-speed loop processing of 
Steps S1, S19, S7 to S11, S23 and S24 is executed. 

In the foregoing embodiment shown in FIG. 4, the value 
in the integrator immediately before the start of the ?exible 
control is loaded into the register, the value in the integrator 
is reduced to “0” (Steps S4 and S5). The torque command 
for the current loop is obtained (Step S18) by adding the 
value in the resistor R to the torque command obtained in the 
position-speed loop processing (Step S17). However, the 
processes of Steps S4, S5 and S17 and moreover, the process 
of Step S21, need not always be provided. Thus, the pro 
cesses of Steps S4 and S5 are omitted, and the position 
speed loop processing is executed after only reloading the 
position gain Kp and the proportional gain K2 (Step S6). In 
Steps S12 to S15, the value in the integrator (value in the 
accumulator AC) is clamped to the set clamp value CL or 
—CL as the torque command Tc is obtained. This torque 
command Tc is delivered to the current loop. . 

Also in this case, the output of the integrator never 
exceeds the set clamp value, so that a command for a large 
torque cannot be outputted, and no large torque can be 
delivered from the servomotor. Accordingly, the robot arm 
can be moved manually. When the ?exible control is can 
celed, the value in the integrator immediately before the start 
of the ?exible control, which is stored in the register R, may 
be set in the integrator, as shown in FIG. 4. Since the output 
of the integrator is at the clamp value CL or —C,_, however, 
the value in the register need not always be set in the 
integrator. 

In the case where the process of Step S17 in FIG. 4 is not 
executed, the clamp value C L should be set at a value greater 
than the clamp value for the embodiment shown in FIG. 4, 
in consideration of the gravity disturbance. 

According to the present invention, as described above, 
when the ?exible command is inputted, the 10 position gain 
and the proportional gain of the speed control loop are 
lowered individually to the previously set values, and the 
output of the integrator of the speed control loop is also 
clamped as it is delivered, so that the value of the speed 
command is reduced, and the output of the proportional 
control in the speed control loop is lowered. Moreover, the 
output of the integrator, which is clamped, cannot be high, 
so that the torque command delivered from the speed control 
loop cannot take a large value. Accordingly, the driven body, 
which is driven by way of the servomotor, can be moved 
manually. If the position deviation increases due to the 
manual movement, the torque command cannot take a large 
value, since the position gain and the proportional gain of 
the speed control loop are small and since the integrator is 
limited to the clamp value. Thus, the manual movement is 
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enabled. In particular, the value in the integrator immedi 
ately before the start of the ?exible control may be previ 
ously stored as a value corresponding to the gravity distur 
bance in the register so that this value can be added to the 
torque command delivered from the speed control loop after 
the start of the ?exible control. By doing this, the gravity 
disturbance can be compensated as the driven body is moved 
by human power. Since the clamp value to which the output 
of the integrator is limited is adjusted to the value substan 
tially equivalent to the frictional resistance, moreover, the 
manual movement of the driven body is facilitated. 
When the ?exible control is canceled, the position gain 

and the proportional gain of the speed control loop are 
restored to the original gains, the integrator is released from 
the clamping, and the conventional servo control is carried 
out. In the case where the integral value before the start of 
the ?exible control is stored in the register, in particular, the 
control after the cancellation of the ?exible control is started 
after setting this integral value in the integrator of the speed 
control loop, thereby preventing the driven body from 
falling. 
We claim: 
1. A ?exible servo control method for controlling a 

servomotor to drive a body, said control system being 
provided with a position control loop and a speed control 
loop including an integrator, said method comprising the 
steps of: 

setting a position gain and a proportional gain of the speed 
control loop to respective predetermined values; 

lowering the position gain and proportional gain of the 
speed control loop to respective lower values in 
response to a ?exible control command input into the 
control system; 

clamping an output of the integrator of the speed control 
loop to a set value; and 

driving the servomotor with the clamped output of said 
integrator in response to the ?exible control command 
so that the body driven by said servomotor can be 
moved manually. 

2. A ?exible servo control method according to claim 1, 
further comprising the steps of: 

storing the output of the integrator of the speed control 
loop upon entry of the ?exible control command in a 
register as an integrator value before said lowering 
step; 

cancelling the ?exible control command; 
restoring the position gain and the proportional gain of the 

speed control loop to the original predetermined values 
and releasing the integrator of the speed control loop 
from the clamping by restoring the integrator value 
stored in said register to said integrator; and 

executing position control loop and speed control loop 
processing to thereby control the servomotor. 

3. A ?exible servo control method for controlling a 
servomotor to drive a body in a control system provided with 

8 
a position control loop and a speed control loop, comprising 
the steps of: 

lowering a position gain and a proportional gain of the 
speed control loop to respective predetermined values 

5 from respective original values; 
storing a value which is disposed in an integrator of the 

speed control loop in a register and clearing said 
integrator when a ?exible control command is input; 

executing position control loop and speed control loop 
processing in accordance with said lowered position 
and proportional gains while clamping an output of the 
integrator to a set value; and 

driving the servomotor with a torque command produced 
by adding the value stored in said register to the 
clamped output from said integrator so that the body 
driven by said servomotor can be moved manually. 

4. A ?exible servo control method according to claim 3, 
further comprising the steps of; 

cancelling the ?exible control command; 
restoring the position gain and the proportional gain of the 

speed control loop to the respective original predeter 
rrrined values and releasing the output of the integrator 
from the clamping when the ?exible control command 
is canceled; and 

executing position control loop and speed control loop 
processing to control the servomotor in the control 
system such that the value stored in said register is set 
in said integrator. 

5. A ?exible servo control method according to claim 4, 
wherein said set value to which the output of said integrator 
is clamped is a value substantially equivalent to a predeter 
mined frictional resistance. 

6. A ?exible servo control method according to claim 3, 
wherein said speed control loop is proportional-plus-integral 
(PI) control. 

7. A ?exible servo control method according to claim 3, 
wherein said speed control loop is integral-plus-proportional 
(PI) control. 

8. A ?exible servo control method according to claim 3, 
wherein said servomotor is a servomotor for moving an arm 
of a robot. 

9. A ?exible servo control method according to claim 4, 
wherein said steps of setting, storing, executing said control 
loops to drive a value, driving, and executing said control 
loops to drive the servomotor are sequentially executed by 
an instructed program. 

10. A ?exible servo control method according to claim 3, 
further comprising the steps of: transmitting a position 
command for said servomotor from a host computer to a 
digital servo circuit through a shared memory while the 
digital servo circuit receives position and speed information 
from the servomotor through a feedback signal register; and 

executing servo processing by the position control loop 
and the speed control loop. 
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